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● One of the main objectives of current waste management 
policies is the reuse of waste materials, e.g. as fill materials 
which are deposited on natural ground.

● The assessment of the environmental risk caused by such 
deposits to soil and groundwater requires thorough testing 
procedures which provide representative and reliable 
information about the release of inorganic and organic 
contaminants.

● Three key variables are of interest in risk assessments, (1) 
the liquid-phase concentration of a contaminant occurring in 
situ, (2) the total amount of contaminant which will be 
mobilized from the material in the long term, and (3) the 
temporal development of the emitted concentration

● Different types of laboratory leaching tests have been 
developed. They can be categorized into batch extraction 
tests and column leaching tests. 

● While single batch extraction cannot provide all necessary 
information on contaminant release, column leaching tests 
are often viewed as being to labour-intensive and to complex 
to evaluate by numerical modeling and parameter estimation 
techniques. A compromise is therefore needed.

Figure 1  Illustration of parameter estimation and uncertainty analysis for the mobilization of 
copper from the demolition waste material. 1) Measured and fitted concentrations as function of 
the L/S. 2) Corresponding amounts of substance. 3) - 5) Samples drawn from posterior parameter 
distribution of the model parameters. 6) Estimated desorption isotherm with 95% uncertainty 
interval. 7) – 8) Histograms illustrating the posterior predictive distribution at the L/S 0.25 and 0.5, 
respectively and the corresponding measurements.
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ExampleExample
● Iden and Durner (2008) suggested a multiple batch test at 
varying liquid-to-solid ratios (L/S) as an experimental bridge 
between single batch extraction and column leaching tests. 

● If such multiple batch tests are evaluated by parameter 
estimation using a simple partitioning model which assumes 
chemical equilibrium, they provide sufficient information to 
assess contaminant release from porous waste materials as 
long as the underlying assumptions are fulfilled (Iden and 
Durner, 2008)

● We studied the release of chloride, sulfate, sodium, copper, 
chromium and dissolved organic carbon (DOC) from a 
demolition waste material and a municipal waste incineration 
product.

● The applied L/S ratios of the batch tests were 0.25, 0.5, 1, 2, 
5, 10 and 50 L kg-1. All batches were shaken overhead for 24 
hours. 

● A simple partitioning model is applied to the batch tests. It calculates the liquid phase 
concentration c  [mol l-1] from the water-extractable amount of a compound 
s

0
 [mol kg-1] and one or two isotherm parameters. In the case where a Freundlich 

isotherm with parameters k
f
 and n  is used to describe the partitioning, the mole 

balance equation using an activity coefficient γ reads:

The Freundlich equation can easily be replaced by any other isotherm.
● In cases of nonlinear isotherms (Freundlich, Langmuir) the above mole balance 
equation is solved by means of the golden section search method (Press et al., 
1992).

● Parameter estimation is performed in the Bayesian framework by applying a robust 
Markov Chain Monte Carlo algorithm (Vrugt et al., 2003). All uncertainties 
(parameters, model predictions, desorption isotherms) are quantified.

● For every data set, we performed parameter estimation using a linear, a Freundlich, 
and a Langmuir isotherm. The most appropriate model was selected based on the 
deviance information criterion (DIC, Spiegelhalter et al., 2002). 

● We estimated the parameters of the models given by equations (1)-(3) from the 
batch concentrations at L/S 1, 2, 5, 10, 50, predicted the concentrations at the L/S 
0.25 and 0.5 by the model and compared them to the measured concentrations for 
the purpose of verification.

Figure 2 Left: Observed (two replicates) and fitted (mode of 
posterior distribution) liquid phase concentrations as function 
of L/S ratio. RMSE denotes the root mean squared error, 
MRAE denotes mean relative absolute error and the gray-
shaded areas indicate the 95% uncertainty intervals. Right: 
Extrapolated model-predictions and observed concentrations 
at the two smallest L/S ratios. All concentrations are 
normalized by the median of the posterior predictive 
distributions. Bars denote 95% uncertainty intervals.

Figure 3  As Figure 2 but for the Municipal Waste 
Incineration Product.

● Both the excellent fit to the experimental data and a 
comparison between the model-predicted and independently 
measured concentrations at the L/S ratios of 0.25 and 0.5 
demonstrate the applicability of the model for almost all 
studied substances and both waste materials. 

● We conclude that batch extraction tests at varying L/S ratios 
provide, at moderate experimental cost, a powerful 
complement to established test designs like column leaching 
or single batch extraction tests. 

● The method constitutes an important tool in risk 
assessments, because concentrations at soil water contents 
representative for the field situation can be predicted from 
easier-to-obtain test concentrations at larger L/S ratios. 

● This helps to circumvent the experimental difficulties of the 
soil saturation extract and eliminates the need to apply 
statistical approaches to predict such representative 
concentrations which have been shown to suffer dramatically 
from poor correlations

Software availableSoftware available
The software used in this study, a user manual and some sample files are 
available from the first author upon request. Please contact me by 
email: s.iden@tu-bs.de.  


